Abstract A cross-sectional serological survey was conducted to evaluate the prevalence of besnoitiosis in cattle farms located in a region of southern Italy. A geographical information system (GIS) was used in order to uniformly sample the bovine farms (n=88) throughout the entire region. Blood samples were collected from 528 autochthonous cattle and sera were tested for antibodies to Besnoitia besnoiti using an enzyme-linked immunosorbent assay test. The farm prevalence was 83.0 % (73/88), and the individual animal prevalence was 44.1 % (233/528). The availability of geo-referenced point or areal data on bovine besnoitiosis and the construction of prevalence maps by GIS are suggested for dissemination of information to veterinarians on this emerging infection in cattle.
Bovine besnoitiosis (also referred to as bovine elephantiasis and bovine anasarque) is a parasitic infection caused by the coccidian protozoa Besnoitia besnoiti. The complete life cycle of the parasite remains unknown so far; although the definitive host has not been identified, a carnivorous, probably felid, as for other Besnoitia species (Dubey and Yabsley 2010) could play an important role in the transmission of B. besnoiti (Basso et al. 2011) . Horizontal direct and indirect transmission seems to be responsible for the spread of the infection. Arthropods, such as horseflies and deer flies (Stomoxys calcitrans and tabanids), play a significant role for the transmission of besnoitiosis and also the iatrogenic transmission is considered important (European Food Safety Authority (EFSA) 2010). However, substantive evidence for a significant role of insects in transmission of infection is currently still lacking.
Bovine besnoitiosis is either a severe but usually nonfatal disease of cattle or a mild clinical disease; the mortality rate is low (less than 10 %), but a significant percentage of affected animals suffer loss of productivity and bulls are frequently rendered permanently infertile (Cortes et al. 2006) . Approximately half of animals in a herd are subclinically infected and the rest remain clinically healthy (EFSA 2010) . Serological tests are useful to detect asymptomatic/ subclinical infected cattle for control purposes since there are no effective drugs or vaccines available against bovine besnoitiosis (García-Lunar et al. 2012) .
Epidemiological data confirm the increased prevalence and geographic expansion of the infection. Bovine besnoitiosis has been previously described in Africa, the Middle East, Asia, and Europe (e.g., Mehlhorn et al. 2009; Kiehl et al. 2010; Rostaher et al. 2010) . A detailed overview on global distribution of bovine besnoitiosis is reported in Olias et al. (2011) .
In Italy, only imported or autochthonous clinical cases of bovine besnoitiosis have been reported Manuali et al. 2011; Gentile et al. 2012 ), but no wide crosssectional studies have been performed so far. The aim of this study was to investigate on the seroprevalence of B. besnoiti in bovine farms located in the Basilicata region of southern Italy which extends over an area of 9,992 km 2 (Fig. 1) . A geographical information system (GIS) of the study area was constructed, and in order to uniformly sample the farms throughout the entire region, a grid (10×10 km) approach sampling was used (Rinaldi et al. 2006) . A total of 88 farms were investigated. Blood samples were collected from six autochthonous cows on each farm (total number of cattle sampled=528, namely 262 adults and 266 young animals). All blood samples were conserved in tubes without anticoagulant agents and transported to the laboratory in few hours. Sera were collected and preserved at −20°C until the enzyme-linked immunosorbent assay (ELISA) was performed using the PrioCHECK Besnoitia Ab 2.0 (Prionics AG, Schlieren-Zurich, Switzerland) test, following the manufacturer's recommended procedures. Data on age (adults vs young animals) and production type (dairy or beef cattle) were analyzed by univariate (Pearson's chi-square test for independence) statistical analysis using the B. besnoiti serological status (positive/negative) as dependent variable. The statistical analysis was performed using SPSS 13 software for Windows.
Out of the 88 farms sampled, 73 (83.0 %; 95 % confidence interval (CI)=73.1-89.8 %) had at least one animal presenting antibodies to B. besnoiti. The spatial distribution of positive farms is represented by a point distribution map (Rinaldi et al. 2006 ) produced by GIS (Fig. 1) . Among the 528 individual cattle, 233 (44.1 %; 95 % CI=39.9-48.5 %) were positive for B. besnoiti. No association was found between the positive animals and age (P=0.37) or production type (beef or dairy) (P=0.22).
Only recently, bovine besnoitiosis has been recognized as emerging in Europe by the EFSA, since cases and outbreaks in France, Spain, Italy, and Germany suggest a geographic expansion over the past decade (EFSA 2010). ELISA tests are considered valuable diagnostic tools in epidemiological surveys; a recent inter-laboratory comparative study of serological tools employed in the diagnosis of B. besnoiti infection in bovines showed 100 % sensitivity and 98.8 % specificity for the PrioCHECK Besnoitia Ab V2.0 (García-Lunar et al. 2012) , the ELISA test used in our study. The findings of the present study confirm the widespread circulation of B. besnoiti in the Italian cattle population as showed by the clinical cases recently reported (Gentile et al. 2012) . The prevalence values reported in the present study are in agreement with previous studies reported by the EFSA (2010) report for Europe. The present study confirms that the clinical cases of bovine besnoitiosis reported in Italy so far (Gentile et al. 2012 ) might only represent the tip of the iceberg of an infection widely distributed.
All the cattle resulted positive in the present crosssectional serological survey did now show any clinical sign of bovine besnoitiosis. This is in line with the common knowledge that in a herd among all infected animals, the largest subset includes asymptomatic seropositive animals. Repeated exposures to the parasite, infection doses, or individual variability of innate or specific immune responses are likely factors responsible for different infection outcomes (Liénard et al. 2011) .
GIS-based cross-sectional surveys investigating the prevalence of bovine besnoitiosis should be planned for all Europe. The availability of geo-referenced point or areal data on bovine besnoitiosis is important to avoid the introduction of the infection into noninfected herds as a result of trade of infected animals. Indeed it is well known that clinical cases are easily detectable, whereas subclinically infected animals are more difficult to diagnose, but they may play an important role in the transmission either iatrogenically or by insect vectors (Cortes et al. 2006 ).
In conclusion, further studies are needed in Italy and other endemic areas to better clarify the clinical impact of B. besnoiti in cattle and the main methods of transmission. In order to avoid the spread of the disease, veterinary practitioners should include the diagnosis of B. besnoiti infection whenever an animal is being bought for reproduction purposes. Therefore, diagnostic techniques should be adopted in order to better plan appropriate control measures and strategies against this protozoa of emerging interest in the scientific community, including the use of GIS, the construction of maps, and dissemination of information through veterinarians and animal producers.
